Upper respiratory tract infections are still a serious problem in breeding and racing horses. The most common virological factors are EHV1 and EHV4, which are both a major cause of secondary infections. High EHV4 seroprevalence in Polish horses indicates a high transmission rate of this pathogen among horses and increases the need for proper diagnostics. The aim of this study was to develop a reliable laboratory diagnostic scheme for upper respiratory tract infections and to describe the first isolation of EHV4 in Poland. Twenty one nasal swabs collected from young horses under the age of 2 years showing clinical signs of equine rhinopneumonitis were tested with duplex PCR for simultaneous detection and differentiation between EHV1/EHV4. Positive samples were then subjected to virus isolation in Vero cells. Additionally, real-time PCR was developed which allowed viral copy numbers to be quantified and enabled defining that a DNA load below 10 3 copies per 1 ml of the sample reflected latent infection or decline of the disease. However, the sensitivity of traditional PCR proved to be sufficient in the diagnostic of the lytic infections and allowed identification of 10 EHV4 infected horses from which 3 strains were successfully isolated in cell culture. Another four EHV4 positive results were obtained by real-time PCR; but, a high Ct (threshold cycle) and a low virus DNA copy number suggested a latent infection. This report describes the first successful isolation of EHV4 from Polish horses.
Introduction
Equine herpesviruses type 1 (EHV1) and type 4 (EHV4) are the major cause of respiratory disease in horses worldwide described as equine rhinopneumonitis. Additionally, EHV1 induces abortions which appear only occasionally with EHV4 infections (Allen and Bryans 1986) . Clinical signs of respiratory tract infection depend mostly on the age of horses.
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The clinical picture of an acute infection in foals and yearlings includes apathy, fever, loss of appetite, followed by rhinitis and conjunctivitis accompanied by nasal and ocular discharge as well as a hacking cough. In older animals the course of the disease becomes milder or even subclinical, with an increasing number of expositions (Patel and Heldens 2005) . Following an acute infection equine herpesviruses are capable of persisting in the neurons and lymphoid tissue in the form of a latent infection. EHV4 as a widespread pathogen is responsible for severe economic losses in the equestrian industry because of a long recovery period (Wood 2005) . A recent study of several horse farms located in the south-eastern part of Poland showed a very high (91.8%) EHV4 seroprevalence (Gradzki and Boguta 2009a) which was linked to respiratory disorders observed in younger horses during the spring/summer period. By using molecular diagnostic methods these authors found EHV4 DNA in nasal swabs taken from 9 horses with upper respiratory tract disease; however, they failed to isolate the virus (Gradzki and Boguta 2009b) . Therefore, with frequent reports of rhinopneumonitis outbreaks coming from field veterinarians and horse owners, we decided to validate molecular methods for EHV1/4 detection and attempt the virus isolation.
Materials and Methods

Sample collection
Twenty one nasal swabs were obtained from three herds in the Lubelskie province (Table 1 ). All horses were under two years of age and showed clinical signs of fever, poor appetite, serous nasal and ocular discharge. One mare from herd S was sampled twice in a two-week interval (sample 17 earlier and 16 later), while the clinical signs were observed only during the first examination. Nasal swabs from the rest of the horses in the stud (No. 10 to 15) were collected two weeks later, together with sample 16. The samples were collected onto polyester swabs, transported and stored in 1 ml of UTM medium (COPAN) intended for virus maintenance. Eagle's MEM (Sigma Aldrich) was used as the negative control of amplification, BoHV1 strain IPV 468 to prove the test specificity, while EHV1 strain 438/77 and EHV4 strain 405/76 
EHV-type specific detection
Total DNA was extracted using phenol-chloroform-isoamyl alcohol standard protocol. A volume of 250 μl of a nasal swab was digested with 2 μl proteinase K (25 mg/ml) with the addition of 25 μl of 10% SDS at 48 o C in a thermomixer shaking (400 rpm) for 2h. Afterwards, two step elution with a phenol-chloroform-isoamyl alcohol mixture (25:24:1) and a chloroform-isoamyl alcohol mixture (24:1) was used followed by precipitation of the DNA with sodium acetate and 96% ethanol at -70 o C for 1 h. The samples were then centrifugated at 12000 x g for 15 min at 4 o C and washed with 70% ethanol. The pellet was dissolved in 50 μl of DEPC water and stored at -20 o C until testing. The assay described by allowing simultaneous EHV1/4 detection and differentiation was adopted.
Classical PCR results were confirmed by real-time PCR following the method described by Diallo et al. 2007 . The primers used (Table 2) 
EHV1/4 DNA standard preparation
PCR products of EHV1 (438/77) and EHV4 (405/76) reference strains were cut out from the gels and purified using a QIAquick Gel Extraction Kit (Qiagen) according to the manufacturer's protocol in order to prepare a standard for the classical PCR. The concentration of the DNA was quantified using NanoPhotometer (Implen). Oligonucleotides identical to amplified sequences in real-time PCR were synthesised by an external company (IBB PAS, Warsaw, Poland). The number of viral DNA copies was calculated from the molecular weight of the fragments, Avogadro's number (6.022×10 23 ), and the DNA concentration using the formula: NC = [amount × (6.022 × 10 23 )] . The next step was to lengh × (1 × 10 9 ) × 650 prepare 10-fold dilutions, which were used in triplicates to match the standard curve calculated by StepOne v. 2.2.2 Software (Life Technologies). The standards were used to measure and compare the sensitivities of the PCRs. The precision of real-time assay was measured by calculating the coefficient of variation (CV = SD × 100%, where SD -standard x Ct deviation) of Ct (threshold cycle) values for the triplicates.
Virus isolation
PCR positive nasal swabs were tested by virus isolation (Table 1) . Viruses 438/77 and 405/76 were used as positive controls. Twenty-four hour monolayers of Vero cells grown in 25 cm 2 tissue culture bottles were infected with 1 ml inoculum (a nasal swab UTM medium diluted 1:2 with Eagle's MEM with the addition of an antibiotic-antimycotic solution (Sigma-Aldrich) and left to adsorb at 37 o C, 5% CO 2 for 2 h and then overlaid with 10 ml of Eagle's First report on equine herpesvirus type 4... 3-39.5; 10-25.7; 11-20.5; 12-22.7; 13-33.3; 14-36.1; 15-38.2; 16-34.6; 17-21.4; 18-27.7; 19-32.2; 20-15.8; 21-22.3 . EHV4 standard used as positive control tested in duplicate gave mean Ct value of 33.4.
MEM and incubated until 80% cytopathic effect was observed, and then frozen. The next two passages were carried out in 75 cm 2 flasks. The presence of the virus was confirmed with classical PCR.
Results
Horses under two years of age showing clinical sign of herpesvirus infection were selected from three different herds and tested with classical, real-time PCR and virus isolation. The summary of the results is presented in Table 1 . Visualisation of the PCR products in agarose gel (Fig. 1) confirmed their sizes at 460 bp and 943 bp for EHV1 and EHV4 glycoprotein B gene fragment, respectively. No amplification was observed for BoHV1 DNA, negative extraction controls and no template controls which confirmed the specificity of the assay. The EHV type-specificity of the primers were confirmed by testing EHV1 and EHV4 reference strains and the DNA standards prepared from gel purified PCR amplicon.
Ten out of 21 (47%) nasal swabs were found positive for EHV4 and none for EHV1 in classical duplex PCR. All the positive samples came from the S and T herd. None of the nine samples from horses from herd F was positive in classical PCR. Subsequently, all samples were examined by real-time PCR using EHV4-specific primers and TaqMan probe. Fourteen out of 21 samples (67%) tested were positive with Ct values ranging between 15.9 to 39.5 (Fig. 2) . A discrepancy in the results between the classical PCR and real-time PCR was found for samples 1 and 3 from herd F and samples 15 and 16 from herd S with Ct values of 39.1; 39.5; 38.3; 34.6, respectively. Additionally, a correlation between poor band density in agarose gel for some samples (No. 13, 14, 19) The EHV4 DNA copy number of samples was calculated using the EHV4 DNA standard in log 10 -fold dilutions from 6 to 6×10 7 copies/l run in triplicate (Fig. 3) . The real-time PCR efficiency was 103.9% with a high correlation coefficient (R 2 ) of 0.97 and the regression line slope was -3.23, indicating that the number of DNA copies increased 2.037 times with each amplification cycle. The detection limit of the assay was set at 6 copies of the standard used corresponding to the average Ct value of 38.05 (SD 1.15). The overall coefficient of variation (CV) was 0.02 which pointed to a high precision of the method.
The detection limit of EHV4 by classical PCR was equal to 800 copies/ml, while for EHV1 it was lower at 3.7×10 3 copies/ml (Fig. 4) . The EHV4 copy number was calculated per 1 ml of the nasal swab sample (Fig. 5) . The average value of 1.3×10 9 EHV4 copies (SD 4.7×10 9 ; 95% confidence interval (CI) -1.1×10 9 -3.8×10 9 ) was found per 1 ml of the swab. The absolute values ranged from 794 copies/ml for sample No. 3 to 1.8×10 10 for No. 20. Samples 17 (first sampling) and 16 (later) collected with a two-week interval from the same mare resulted in Ct values of 21.44 and 34.6 corresponding to 3.6×10 6 and 2.7×10 4 viral copies, respectively.
EHV4 was isolated in Vero cells from 3 out of 10 nasal swab samples tested. The positive reaction was shown by the cytopathic effect after 3 passages and the presence of the virus was confirmed by PCR using FC2, R1 and R4 primers.
Discussion
EHV4 primary replication is restricted to the epithelium of the respiratory tract cells (Blunden et al. 1995, Patel and Heldens 2005) ; the nasal swab sample was therefore considered to be the best material for virus isolation (Wang et al. 2007 ). The presence of the virus in nasal exudates demonstrated active shedding of the virus, while in the latent stage viral DNA can be found in neurons and lymphoid tissue. The swabs were taken from horses with clinical signs of an upper respiratory tract disease; however, a significant number of EHV1/4 infections is subclinical, especially in older horses. Some authors suggest that young horses with clinical signs of an upper respiratory tract infection were no more likely to be shedders of EHV-4 than healthy animals (Gilkerson et al. 1994 ). However, Wang and associates (2007) ; 2 -3.7×10 5 ; 3 -3.7×10 4 ; 4 -3.7×10 3 ; 5 -3.7×10 2 ; 6 -3.7×10; 7 -3.7 EHV1 DNA copies/ml. Bottom part shows copy dilutions of EHV4 strain 405/76 DNA in order: 8 -8×10 6 ; 9 -8×10 5 ; 10 -8×10 4 ; 11 -8×10 3 ; 12-8×10 2 ; 13 -80; 14 -8 EHV4 DNA copies/ml.
The primers set FC2, R1 and R4 designed by were evaluated by Wang et al. (2007) with high specificity scores. The sensitivity of the PCR used was higher when compared with similar data presented by Varrasso et al. (2001) who found that their glycoprotein H gene-based PCR was able to detect 1220 and 7280 plasmid EHV1 and EHV4 DNA copies, respectively. The authors increased the sensitivity of the assay by adding a second amplification cycle using nested primers.
The higher sensitivity of real-time PCR in respect to classical PCR (Fig 4) was the explanation of the differences in the results.
The high Ct values of real time PCR, especially for samples originally negative in classical PCR was related to lower viral DNA copies in the samples, which may indicate a latent infection or the decline of an acute infection. With reference to samples coming from herd S, where most animals sampled shed EHV4 in their nasal exudates, the No of nasal swab Number of DNA copies per 1 ml Fig. 5 . Abundance of EHV4 copies per 1 ml of collected nasal swab samples calculated using standard shown at Fig. 3 . Numbers correspond to those from results probably indicate the end of an acute infection. While all the samples collected from herd F yielded negative results in classical PCR, suggesting that the clinical signs observed had been caused by other factors than EHV4, and the two positive animals in real-time PCR represented a latent infection. Following Pusterla et al. (2005) , we might assume that a DNA load below 10 3 copies per 1 ml of nasal swab reflected a latent infection. The standardized duplex PCR can be used as a fast, cheap and specific method with sufficient sensitivity for detection only of lytic EHV4 infections in suspected horses.
Samples No 16 and 17 were obtained from the same mare at a two-week interval. The increased Ct value after the second sampling meant a two log decrease of virus load in nasal secretions during the two-week period. This is consistent with the study (Pusterla et al. 2005) showing that EHV4 nasal shedding may be prolonged to 14 days after a short period of viremia (2-5 days post exposure). Further serological testing could give more detailed information in order to distinguish between an acute infection and reactivation of a latent state.
All This is the first description of a successful EHV4 isolation in Poland. The right choice of susceptible cells seems important when isolating the virus. Gradzki and Boguta (2009b) failed to isolate the virus, despite identification of EHV4 in 9 out of 90 clinically ill horses using three cell lines (EEL, MDBK and RK13). However, other reports show that EEL cells are susceptible to EHV4, while RK13 are suitable for EHV1 isolation (Heldens et al. 2001) . The study performed by Dynon et al. (2007) gave similar results to ours with three successful EHV4 isolations from 20 nasal swabs tested. The authors also used Vero cells. The sensitivity of the virus isolation test could be improved further using primary horse cell cultures. Another crucial aspect of a successful EHV4 isolation is sample collection, transportation and proper handling. The fragility of the lipid envelope of herpesviruses makes them highly susceptible to damage, which allows for elimination the virus from the contaminated environment quite easily; however, it also complicates the diagnosis if the sample is not handled correctly.
The above-mentioned results showed that EHV4 monoplex real-time PCR and classical duplex PCR used in the study were both sensitive and specific, despite the fact that the limit of detection for EHV4 in real-time PCR was 2 log greater than in classical PCR. However, the high costs of real-time RT-PCR, especially considering the cost of the equipment and personnel training and experience in validation of the results, makes the use of classical PCR more justifiable and frequent. Still, isolating the virus in susFirst report on equine herpesvirus type 4...ceptible cells allowing further characterisation of the pathogen is undoubtedly the crowning work of diagnostics.
In the summary, the adopted approach which included swab tubes with transport medium for sampling, the DNA extraction protocol, standardized duplex PCR and verification real-time PCR in the case of suspicion of a rhinopneumonitis outbreak yield reliable results in a short period of time. A successful isolation will allow further characterisation of Polish EHV4 isolates.
